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FOREWORD i 

This  r e p o r t  was prepared by t h e  Boeing Commercial Airplane Company, 

Renton, Washington, under Contract  NAS1-14952. It is t h e  n i n t h  and 

last q u a r t e r l y  t e c h n i c a l  progress  r e p o r t  covering work performed between 

23 May 1979 and 22 August 1979. The program is sponsored by t h e  Nat ional  
Aeronautics and Space Administration, Langley Research Center (NASA-LRC). 

D r .  H. A .  Leybold is t he  P r o j e c t  Manager f o r  NASA-LRC. 

The following Boeing personnel  were principal contributors t o  the program 

dur ing  the  r epor t ing  period: G. N. Roe, Design; R. W .  Johnson, Structural 

Analysis ;  D. Grant, Production Manager; L. D. P r i t c h e t t ,  Technical  

Operat ions Coordinator;  and D. V.  Chovil, Business Support  Manager. 
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SUMMARY 

This is  t h e  las t  q u a r t e r l y  r epor t  f o r  t h e  advanced composites e l e v a t o r  

f o r  t he  Boeing 727 commercial t r anspor t .  Data and ac t iv i t ies  not  included 

i n  t h i s  report w i l l  be included i n  t h e  program f i n a l  r e p o r t  t h a t  is 

scheduled f o r  release a t  t h e  end of t h e  year .  

Activities included completion of t h e  r e p a i r  manual, completion of t e s t i n g  

laminates and honeycomb panels  c u t  from the v e r i f i c a t i o n  hardware, and 

completion of product ion activities. 

The r e p a i r  program has been def ined,  and is being c i r c u l a t e d  f o r  approval .  
Test r e s u l t s ,  from specimens taken from t h e  v e r i f i c a t i o n  hardware and 

compared w i t h  t h e  a n c i l l a r y  test program coupon data, i n d i c a t e  t h a t  

t h e  product ion process  produces an accep tab le  q u a l i t y  laminate.  The 

f i f t h  and f i n a l  s h i p s e t  of e l e v a t o r s ,  t a b s ,  and balance panels  was 
completed J u l y  20, 1979. The assembly shop, a long with t o o l i n g ,  has  

been deac t iva ted .  Capabi l i ty  of r e a c t i v a t i o n  f o r  production is being 

r e t a ined .  The program is on schedule. 
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SECTION 1.0 

INTRODUCTION 

The e s c a l a t i o n  of jet-fuel p r i c e s  is causing a reassessment of technology 

concepts  and trades used i n  designing and bu i ld ing  commercial a i r p l a n e s .  

The task  is t o  incorpora te  fuel-saving concepts  i n t o  commercial a i rcraf t  
design. 

The p o t e n t i a l  weight sav ings  and fuel reduct ion  r e s u l t i n g  from t h e  

use of advanced composites i n  aircraft  s t r u c t u r e ,  e s p e c i a l l y  primary 

s t r u c t u r e ,  are s i g n i f i c a n t .  However, the  lack of  t e c h n i c a l  confidence 

and cost  data has delayed t h e i r  use i n  commercial aircraft. 

Hardware programs conducted i n  a production environment are requ i r ed  

t o  e s t ab l i sh  and demonstrate t h e  s a f e t y ,  o p e r a t i n g - l i f e  characteristics, 
and manufacturing cost of advanced composites s t r u c t u r e .  

Boeing's approach t o  t h e  problem is t o  ob ta in  reliable product ion,  

t e c h n i c a l ,  and c o s t  data bases by t h e  i n t e g r a t i o n  of  advanced composites 

technology development under NASA c o n t r a c t s ,  which, when combined wi th  

company e f f o r t ,  w i l l  a c c e l e r a t e  the  a p p l i c a t i o n  of  advanced composites. 
T h i s  approach addresses these data bases, developing realist ic product ion 

c o s t s  i n  a commercial t r anspor t  manufacturing environment. Program 

emphases were directed toward developing t h e  information needed t o  

o b t a i n  an e a r l y  production commitment dec is ion  by management, and the 

program was conducted i n  a production environment. 

Pre l iminary  developments, as covered i n  t h e  first q u a r t e r l y  r e p o r t ,  

were devoted t o  conceiving, developing, and analyzing a l t e r n a t i v e  des ign  

concepts ,  and the  prepara t ion  of  a t e c h n i c a l  plan t o  a id  i n  s e l e c t i n g  

1-1 
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and eva lua t ing  material, i den t i fy ing  a n c i l l a r y  s t r u c t u r a l  development 

tes t  requirements,  and de f in ing  f u l l - s c a l e  ground-test  and f l i g h t - t e s t  

requirements necessary t o  ob ta in  FAA certif ication. 

The program was b u i l t  on precont rac t  design ac t iv i t ies  as well as con t r ac t ed  

design a c t i v i t i e s  t h a t  considered: 

Program management and p lans  development 

Es t ab l i sh ing  design c r i te r ia  
Conceptual and prel iminary design 

Manufacturing process development 

Material eva lua t ion  and s e l e c t i o n  

V e r i f i c a t i o n  t e s t  

Detail design 

FAA approval  p l a n  d e f i n i t i o n  

This r e p o r t  d e s c r i b e s  work accomplished dur ing  t h e  n i n t h  3-month per iod  

of t h e  con t r ac t .  Activities included completion of t h e  r e p a i r  manual, 

completion of t e s t i n g  of v e r i f i c a t i o n  hardware specimens, and completion 

of product ion act ivi t ies .  

headings; Design Analysis,  Anci l la ry  Tes t ing ,  and Production and Opera- 

t i o n s .  

These act ivi t ies  are descr ibed  under t h e  

The o v e r a l l  program schedule s t a t u s  is  summarized i n  F igure  1-1. 

1-2 
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SECTION 2.0 

DESIGN ANALYSIS 

This r e p o r t  w i l l  be  the  l a s t  q u a r t e r l y  r e p o r t  f o r  t h i s  c o n t r a c t .  

des ign  e f f o r t  is  complete. 

area, and product ion of t h e  f i v e  and one-half s h i p s e t s  w a s  completed 
J u l y  20, 1979. 

The 

Only minor t e s t i n g  remains i n  the a n a l y s i s  

2.1 DESIGN 

A drawing (65C17721) was released t h a t  d e t a i l s  t h e  specimens used i n  

t e s t i n g  r e p a i r  techniques for  the  e l e v a t o r .  A pre l iminary  copy of 

the  r e p a i r  manual has  been completed and is being c i r c u l a t e d  f o r  approval .  

2.2 ANCILLARY TESTING-COUPONS AND ELEMENTS 

2.2.1 Production V e r i f i c a t i o n  Hardware Coupon Tests 

Tests of s e c t i o n s  of lamina tes  and honeycomb panels  c u t  from v e r i f i c a -  

t i o n  hardware have been completed. 

The specimen conf igu ra t ions  and t h e  areas on t h e  v e r i f i c a t i o n  hardware, 

where t h e  specimens were c u t  from, are shown i n  drawing 65C17719 ( s e e  
appendix).  Table 2-1, presen t s  the  test  r e s u l t s .  These tes t  r e s u l t s ,  

when compared wi th  t h e  a n c i l l a r y  test program coupon d a t a ,  i n d i c a t e  t h a t  

the product ion process  produces an accep tab le  q u a l i t y  laminate .  

i n  Table  2-1, s i x  specimens were f a t i g u e  loaded t o  500 000 cyc le s  a t  R = -1.0 

a t  a maximum load e q u a l  t o  25% of t h e  s t a t i c  u l t i m a t e  c a p a b i l i t y .  

specimens were then loaded s t a t i c a l l y  t o  f a i l u r e .  

specimens, t h e  r e s i d u a l  test r e s u l t s  i n d i c a t e  t h a t  c y c l i c  loading  t o  25% of 

(See Anc i l l a ry  T e s t  P lan ,  r e f e r e n c e  1.)  

As noted 

These 

When compared wi th  similar 

2-1 
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Table 2- 1. Verification Hardware Coupon Test Results 

\ .. 

D Residual strength after fatigue test  

Specimen lost during fabrication 

Invalid test, specimen did not fail in test section 

Structural laminate definition (see 65C17719)-all plies are 
fabric except as noted 

1 - IO plies 0' tape 6- 2 plies 90' tape 
4 plies 245' 

2- 4 plies 245' 4 plies o / ~ o O  

3- 4 plies 245' 7- 6 plies 245' 
6 plies O/90° 

4- 4 plies 245' 
5 plies o / ~ o O  

1 ply 90' tape face 
5- 1 ply k45O 

6 plies 245' 

1 Each 
Modulus in test  direction 

Honeycomb panel: 13.97-mm (0.55-in) thick core- 
0.279-mm (0.01 1-in) thick face sheet 

2-2 



/7 
I ..: 

... 

'1- .. . ' 

Boeing Commercial 
Airplane Company 
Contract  NAS1-14952 

the  static u l t ima te  load has no s i g n i f i c a n t  effect on the u l t ima te  load 

c a p a b i l i t y  of the tested conf igura t ion .  

2.2.2 Repai r  Specimens Test Plan 

The repair program has been defined and the test  p lan  is presented  i n  

Table  2-2. The repair specimen is shown i n  F igure  2-1. This  specimen 

r ep resen t s  a r e p a i r  f o r  one f ace  sheet with core damage. T e s t  r e s u l t s  from 

t h i s  specimen w i l l  e s tab l i sh  the  u l t ima te  inp lane  s t r e n g t h  of t h e  s k i n  
pane ls  w i t h  t h i s  s i z e  and type of repair, compared t o  an undamaged s k i n  

D imensions: 

13.97 

'"3"' 
mm 

I' 152.4 
(6.0) 

- 
I =  (5.0) 

L core splice Basic honeycomb panel 

Figure 2- 1. Four-Point Beam Honeycomb Repair Specimen (Drawing 65C17721) 

2-3 
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Table 2-2. Repair Test Program 

,.- . . 

. .. . .  

. .. 

\ ,  ' ~ 

\ '  \ '  

Note: All specimens tested as four-point beam bending; wet conditioning 
1.1 +o. 1% moisture pickup in 2.29-mm (0.09-in) thick rider coupons 

panel .  The base l ine  and impact  specimens w i l l  be t h e  same s i z e  as t h e  

repaired specimen. The impacted specimen w i l l  be  tested t o  determine the 

r e s i d u a l  s t r e n g t h  of  t h e  e l eva to r  s k i n  pane l  w i t h  v i s u a l l y  detectable 

damage. A l l  specimens w i l l  b e  t e s t e d  as four-point  beams, and t h e  repaired 

and impacted a r e a  w i l l  b e  loaded i n  compression. 

2 . 3  WEIGHT STATUS 

The predic ted  weight s t a t u s  published i n  the  seventh q u a r t e r l y  r e p o r t  is 
unchanged. 

2-4 
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The f o u r t h  and f i f t h  elevator system s h i p s e t s  have been weighed. 

and t o t a l  weights ,  t oge the r  with pred ic ted  weights ,  are as follows: 

Component 

Number 4 Number 5 
Component s h i p s e  t s h i p s e t  P red ic t ed  

Left-hand and 151.3 kg (333.6 l b )  151.5 kg (334.0 l b )  153.4 kg (338.2 l b )  
r ight-hand ele- 
vator surfaces 

Left-hand and 6.7 kg ( 14.8 l b )  6.8 kg ( 14.9 l b )  6.8 kg ( 15.0 l b )  
r ight-hand t a b  
assemblies  

Left-hand and 29.1 kg ( 64.1 l b )  28.9 kg ( 63.8 l b )  29.1 kg ( 64.2 l b )  
r ight-hand 
balance panels  

T o t a l  elevator 187.1 kg (412.5 l b )  187.2 kg (412.7 l b )  189.3 kg (417.4 l b )  
sys tem/a i rp lane  

% reduct ion  27.3 27.3 26.1 

. 

/' 

. .  '- 

2.3.1 Graphite/Epoxy Elevator Repair Manual 

The weight technology por t ion  of t h e  manual has  been completed. 

2-5 
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SECTION 3.0 

PRODUCTION AND OPERATIONS 

3.1 ASSEMBLY PROGRESS 

The f i f t h  and f i n a l  s h i p s e t  o f  e l e v a t o r s ,  tabs, and balance panels  

under t h e  c o n t r a c t  was completed Ju ly  20, 1979. S t a t u s  of the  f i v e  

and one-half s h i p s e t s  f a b r i c a t e d  is  as  follows: 

e Left-hand test uni t - in  Engineering tes t  l abora to ry  

0 Number 1 sh ipse t - in s t a l l ed  on Boeing f l i g h t  test a i r p l a n e  

0 Numbers 2 through 5 sh ipse ts - in  s t o r a g e ,  awai t ing  FAA 
c e r t i f i c a t i o n  and subsequent 

i n s t a l l a t i o n  on l i n e  a i r p l a n e s  

for i n s e r v i c e  eva lua t ion  (see 
f i g .  3-1). 

I n v e s t i g a t i o n  i n t o  causes  f o r  recurrence of f i be r  breakout on s h i p s e t s  

number 4 and number 5 e x t e r n a l  su r f aces  dur ing  d r i l l i n g  ope ra t ions  

was completed during the  report period. I n d i c a t i o n s  were t h a t  t h e  

pr imary  c o n t r i b u t i n g  f a c t o r  was t h e  d e l e t i o n  o f  t h e  polyurethane s u r f a c e r  

t h a t  had previous ly  been app l i ed  before the  pr imer  p a i n t .  

had been el iminated f o r  weight reduct ion purposes,  e f f e c t i v e  on t h e  

f o u r t h  s h i p s e t .  I n  view of t h e  weight sav ings ,  t h e  l i m i t e d  number 

of breakout occurrences,  and the fact  t h a t  counters ink  opera t ions  

c l e a n  up o r  br ing  breakout t o  within acceptable l i m i t s ,  no fur ther  

i n v e s t i g a t i v e  a c t i o n  is planned and t h e  surfacer w i l l  not  b e  r e i n s t a t e d .  

The s u r f a c e r  

- . 3-1 
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The Assembly Shop area and Tooling have been deac t iva ted .  Capab i l i t y  f o r  

r e a c t i v a t i o n  f o r  product ion is being r e t a ined .  

Figure 3- 1. Advanced Composites Elevator in Storage Fixtures 

\ 

3 - 2  
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REFERENCES 

1 .  "Advanced Composite Elevator for Boeing 727 Aircraft," First 
Quarterly Technical Progress Report, NASA Contract NAS1-14952, August 

1977 

4 - 1  



Boeing Commercial 
Airplane Company 
Contract Nul-14952 

APPENDIX 

A- 1 



I I /  
8 -*- 

/ ‘  / 
+D 

t 

CC P L A C E S  

OIA 

I 

/- 

I AST.17719 171 I 



, 

. 

3 

. .  

._ 

- 



. 

, -  

_ .  

I '. .. 9 . . . .  . .  





., . 

. .  

. -  
- ,  

. .  

II 

c - 33) 

3 .- , 

I i . 1  1 t I 1 
I I I 1 


